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ABSTRACT
The goal of this work is to study the obscuration properties of mid-infrared (mid-IR) selected
AGN. For that purpose, we use WISE sources in the Stripe 82-XMM area to identify mid-IR
AGN candidates, applying the Assef et al. criteria. Stripe 82 has optical photometry≈ 2 times
deeper than any single-epoch SDSS region. XMM-Newton observations cover∼26 deg2. Ap-
plying the aforementioned criteria, 1946 IR AGN are selected. ∼ 78% have SDSS detection,
while 1/3 of them is detected in X-rays, at a flux limit of ∼ 5 × 10−15 erg s−1 cm−2. Our
final sample consists of 507 IR AGN with X-ray detection and optical spectra. Applying a
r−W2 > 6 colour criterion, we find that the fraction of optically red AGN drops from 43%
for those sources with SDSS detection to 23% for sources that also have X-ray detection.
X-ray spectral fitting reveals 40 (∼ 8%) X-ray absorbed AGN (NH > 1022 cm−2). Among
the X-ray unabsorbed AGN, there are 70 red systems. To further investigate the absorption of
these sources, we construct Spectral Energy Distributions (SEDs) for the total IR AGN sam-
ple. SED fitting reveals that ∼ 20% of the optically red sources have such colours because
the galaxy emission is a primary component in the optical part of the SED, even though the
AGN emission is not absorbed at these wavelengths. SED fitting also confirms that 12% of
the X-ray unabsorbed, IR AGN are optically obscured.
Key words: Galaxies: active, Galaxies: evolution, Galaxies: nuclei, X-rays: galaxies
1 INTRODUCTION
Mid-infrared (mid-IR) surveys have been proven extremely capable
of detecting Active Galactic Nuclei (AGN), since they are affected
less by extinction. The material that obscures AGN even at X-ray
energies, is heated by the AGN and re-emits the nuclear radiation
at infrared (IR) wavelengths. Thus, mid-IR surveys trace obscured
sources missed even by hard X-ray surveys (e.g., Georgantopou-
los et al. 2008; Fiore et al. 2009). Spitzer was the first IR mission
used to demonstrate the efficiency of selecting AGN from a mid-IR
dataset, by applying colour-selection techniques (e.g., Stern et al.
2005; Donley et al. 2012). These techniques have now been adapted
and used for the Wise-field Infrared Survey Explorer (WISE; Wright
et al. 2010).
WISE completed an all-sky coverage in four mid-IR bands
3.4, 4.6, 12 and 12µm (W1, W2, W3 and W4 bands, respec-
tively). Several colour regions have been defined that efficiently
identify AGN, in particular at high luminosities. For example, Ma-
teos et al. (2012) suggested a selection method using three WISE
colours. Stern et al. (2012) used the W1 and W2 bands and applied
a simple W1−W2 ≥ 0.8 criterion to reliably, select AGN with
W2 < 15.05 in the COSMOS field. Assef et al. (2013) extended
the aforementioned criterion and provided a selection of AGN for
fainter WISE sources.
Previous studies have shown that a fraction of these IR se-
lected AGN are missed by X-rays. This is attributed to their heavy
obscuration in the X-ray band. Del Moro et al. (2016) studied a
sample of 33 mid-IR selected quasars with intrinsic luminosity
ν L6µm > 6 × 1044 erg s−1 at redshift z ≈ 1 − 3. Despite their
high IR luminosity,∼ 30% of the sources, i.e. nine quasars, are un-
detected in X-rays. Among the X-ray detected IR sources, 16 out of
24 (∼ 70%) are heavily obscured (NH > 2× 1023 cm−2). Mateos
et al. (2017) used 199 X-ray selected AGN from the Bright Ultra-
hard XMM-Newton Survey (BUXS) and found a substantial pop-
ulation of X-ray undetected sources with high-covering factor tori.
They claim that the majority of luminous AGN live in highly ob-
scured environments that remain undetected in X-rays at the depths
of< 10 keV wide-area surveys. Mendez et al. (2013) found that the
percentage of IR AGN that are also detected in X-rays, varies sig-
nificantly (47% to 90%) depending on the depth of the X-ray and
IR surveys (see their Fig. 8). Increasing the depth of the IR data
reduces the fraction of X-ray detected sources, while increasing the
depth of the X-ray data increases the fraction of X-ray detections.
Secrest et al. (2015) applied the Mateos et al. (2012) colour
selection criteria on the WISE sample and created a sample of 1.4
million AGN candidates. Mountrichas et al. (2017) used this cat-
alogue to explore the X-ray properties of mid-IR selected AGN.
In this work they study only the most luminous of these sources
(log (νLν/erg s−1) ≥ 46.2). Specifically, they cross-correlated
the Secrest et al. (2015) catalogue with the subsample of the
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3XMM X-ray dataset with available X-ray spectra (Corral et al.
2015) and optical spectroscopy from SDSS/BOSS (Alam et al.
2015). Due to the requirement for optical (SDSS) identifications,
their sample is biased towards type-1 sources. Their analysis re-
vealed seven obscured AGN in X-rays. However, none of them was
absorbed based on their optical continuum.
LaMassa et al. (2019) studied the demographics of AGN in
Stripe82X (LaMassa et al. 2013a,b). They compiled a catalogue
of 4847 AGN, based on their X-ray luminosities or WISE colours.
Stripe 82X has dedicated SDSS observations, therefore their sam-
ple does not suffer from the optical spectroscopic limitations of
the Mountrichas et al. (2017) dataset. Their analysis showed that
61% of X-ray AGN are not selected as mid-IR AGN, while 22%
of X-ray sources have no WISE detection. Moreover, 58% of WISE
AGN are not detected in X-rays. However, based on the W1−W2
colour difference, sources undetected in X-rays do not appear to be
redder than those detected in X-rays. Previous studies have shown,
that although X-ray selection is able to identify even very inactive
AGN, the X-ray emission is easily absorbed by gas. Especially, at
the softer, 10 KeV energies probed by the Chandra and XMM satel-
lites. On the other hand, mid-IR selection is less susceptible to ab-
sorption, but only identifies high luminosity AGN, i.e., those sys-
tems that the AGN outshines the stellar emission from the galaxy
(e.g., Barmby et al. 2006; Georgantopoulos et al. 2008; Eckart et al.
2010).
In this work, we use WISE sources in the Stripe 82X survey
(LaMassa et al. 2015; LaMassa et al. 2019) and apply the colour cri-
teria of Stern et al. (2012), modified by Assef et al. (2013) to select
mid-IR AGN candidates. First, we derive the obscuration properties
using the optical/mid-IR colours and Spectral Energy Distributions
(SED). Second, we use only those sources with X-ray detection.
Our goal is to study the X-ray properties of these mid-IR selected
AGN, by fitting their X-ray spectra. We also compare the X-ray
with the optical colour of these sources.
2 DATA
2.1 Sample selection
Stripe 82 covers an area of ∼300 deg2 on the celestial equator and
has been repeatedly scanned by the SDSS. In addition the field
has been partially covered by observations at other wavelengths,
e.g., UKIDSS (Lawrence et al. 2007) and Herschel (Viero et al.
2014). The Stripe 82X survey (LaMassa et al. 2013a,b, 2015) cov-
ers ∼31 deg2 on the sky and was designed to take advantage of the
wealth of multi-wavelength information provided by Stripe 82. Its
goal is to reveal high luminosity AGN at high redshifts.
Stripe 82X has both Chandra and XMM-Newton observations.
In this work we study the X-ray spectral properties of IR selected
AGN and compare them with their optical colours and SEDs. For
that purpose we require 3XMM observations (Stripe 82-XMM).
About half of the Stripe 82-XMM survey (15.6 deg2) is contiguous
and reaches an 0.5 − 10 keV flux limit of ∼ 10−14 erg s−1 cm−2
at half survey area. The median exposure time is ∼ 6 ks, while
the coadded depth in theoverlapping regions reaches ∼ 6 − 8 ks
(LaMassa et al. 2019). The remaining 10.6 deg2, comprise of
4.6 deg2 of proprietary XMM-Newton data, with exposure time of
4 − 5 ks (12 ks in regions with greatest overlap) and 6 deg2 of
archival data (LaMassa et al. 2013).
We use ∼ 300, 000 WISE sources in the Stripe 82-XMM area
to select mid-IR AGN. We apply the criteria presented in Stern et al.
(2012) combined with the modified selection criterion described
in Assef et al. (2013), for fainter WISE sources. Specifically, the
selection criteria we apply are:
For W2 < 15.05
W1−W2 ≥ 0.8, (1)
and for 15.05 ≤ W2 ≤ 17.11
W1−W2 > aR exp [βR(W2− γR)2], W1snr > 3, (2)
where W1, W2 are the WISE photometric bands, at 3.4 and 4.6µm,
W1snr is the S/N ratio of the W1 band and (aR, βR, γR) =
(0.662, 0.232, 13.93), to select AGN at a 90% reliability. We find
1946 IR AGN that lie within the 3XMM footprint. 1507 of these
sources have optical (SDSS DR13; Albareti et al. 2017) counter-
part and 824 have available optical spectrum. We cross-match these
sources with the 499, 266 X-ray sources of the 3XMM-DR7 cata-
logue (Rosen et al. 2016). For the cross-match we use TOPCAT,
version 4.6, using a radius of 3 arcsec. 0.2% spurious sources are
expected among common sources between the two datasets (Moun-
trichas et al. 2017). The number of sources in each subsample is
presented in Table 1. 1250 (1946-696), i.e., ∼ 64%, of the IR se-
lected AGN are undetected in X-rays. This percentage is in agree-
ment with the 58% found in LaMassa et al. (2019).
2.2 Sample properties
The scope of the paper is to study the X-ray absorption of IR se-
lected AGN and compare it with optical/mid-IR criteria. Therefore,
both X-ray and optical identification are needed for the sources.
However, this requirement imposes selection biases in the AGN
sample. In the following, we study the impact of these biases on
our X-ray sample.
Previous studies have found a correlation between the opti-
cal colour and the X-ray obscuration (e.g., Civano et al. 2012).
Yan et al. (2013) showed that type-2 AGN candidates at z≤ 3,
can be identified by applying the following colour criteria: WISE
W1−W2 > 0.8,W2 < 15.2 combined with r−W2 > 6
(Vega). In Fig. 1 (left panel) we plot the r−W2 distributions
of the AGN samples. Sources with only SDSS detection, show
a peak in their distribution at r−W2 ≈ 5.5. However, a sec-
ond peak is present at larger r−W2 values (≈ 8.5). When an
SDSS spectrum requirement is applied, this second peak is not de-
tected. However, we notice a wide tail at high r-W2 values. Our
X-ray detected sources completely miss this optically, possibly ob-
scured AGN population. These distributions are quantified in Table
2, that presents the fraction of optically red sources in the vari-
ous subsamples. Based on the r−W2 distributions, we notice that
r−W2 = 7 cut seems more natural, since it separates two peaks.
Given the prevalence of the r−W2 = 6 cut in the literature, we
keep the latter cut in our analysis. However, in Table 2 we also
present the fraction of optically red sources, using the r−W2 = 7
cut. Regardless of the exact value of the optical/mid-IR cut ap-
plied, the measurements confirm our aforementioned findings, i.e.,
IR selected AGN that are undetected by X-rays are probably pref-
erentially redder than those detected in X-rays (but see Fig. 16 in
LaMassa et al. 2019). Middle and right panels of Fig. 1, present the
i-band and redshift distributions of the AGN samples. We notice
that X-ray detected sources are brighter than i/ 22.
Mateos et al. (2012) used MIR WISE colours to select lumi-
nous AGN candidates. Using these AGN, they defined a highly
complete, mid-IR colour wedge that their sources occupy. X-ray
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. From left to right: r−W2, i-band and redshift distributions of the AGN samples.
Table 1. The number of mid-IR selected AGN in Stripe 82X, with
optical/X-ray counterparts and spectra.
Mid-IR selected AGN 1946
3XMM detection 696
SDSS detection 1507
SDSS spectra 824
3XMM and SDSS detection 646
3XMM detection + SDSS spectra 507
Table 2. Fraction of optically red sources found in our IR selected AGN in
Stripe 82X. In the parentheses we quote the total number of AGN in each
subsample.
sample red sources red sources
r−W2 > 6 r−W2 > 7
SDSS detection (1507) 43% 30%
SDSS spectra (824) 31% 13%
3XMM+SDSS detection (646) 23% 9%
3XMM detection + SDSS spectra (507) 20% 6%
detected AGN reside in the lower part of this wedge (see their Fig-
ures 2 and 6). In Fig. 2.2 we plot W1-W2 versus W2-W3 colours,
for those of our sources with W3snr > 5. In agreement with
Mateos et al. (2012), our X-ray detected AGN occupy the lower
part of the mid-IR colour diagram. However, optically red sources
(r −W2 > 6, red points in Fig. 2.2 ) seem to be randomly dis-
tributed in the colour diagram.
Table 3. The mean values of NH and Γ for the X-ray sample as well as
for various subsamples, based on the number of source photons. The errors
correspond to the mean values of the 1σ uncertainties of the measurements.
sample no. of sources log (NH/cm−2) Γ
All sources 507 20.6± 0.6 1.96± 0.20
< 50 counts 152 20.9± 0.9 1.93± 0.28
< 100 counts 250 20.9± 0.8 1.93± 0.25
> 100 counts 257 20.3± 0.4 1.99± 0.17
> 500 counts 40 20.2± 0.3 2.05± 0.09
3 X-RAY AND OPTICAL ABSORPTION OF IR AGN
In this Section, we study the X-ray absorption of the 507 IR se-
lected AGN with X-ray detection and optical spectra. We then com-
pare the X-ray with the optical absorption (e.g., Glikman et al.
2018), using optical/mid-IR colours and SED fitting.
To study the X-ray properties of the IR selected AGN, we
use Xspec v12.8 (Arnaud 1996). Photoelectric absorption is in-
cluded in all the spectral models (wabs, in XSPEC notation),
fixed at the Galactic value at the source coordinates given by Lei-
den/Argentine/Bonn (LAB) Survey of the Galactic HI (Kalberla
et al. 2005). A single power-law model absorbed by neutral ma-
terial surrounding the central source is applied on the X-ray spec-
tra. For that purpose, we used the fitting and modelling software
Sherpa (version 4.9.1; Freeman et al. 2001). We followed the
Bayesian technique proposed in Buchner et al. (2014), using the
analysis software BXA (Bayesian X-ray Analysis), that connects
the nested sampling algorithm MultiNest (Feroz et al. 2009) with
Sherpa. A nested sampling algorithm allows a full exploitation
of the parameter space, avoiding solutions that correspond to lo-
cal minima which is a common problem with standard minimiza-
tion techniques (e.g. the Levenberg-Marquardt algorithm). In the
BXA framework, a probability prior is assigned to each free pa-
rameter of the model. For the power law, photon index, Γ, we
used a gaussian prior with mean value 1.9 and standard deviation
0.15 (Nandra & Pounds 1994). For the remaining parameters, we
used flat, uninformative priors. Our spectral fits, follow the same
procedure to build the XMMFITCAT-z (see Ruiz et al., in prep.,
http://xraygroup.astro.noa.gr/Webpage-prodex/).
The mean NH and Γ values of the sample are NH =
1020.6±0.6 cm−2 and Γ = 1.96 ± 0.20. The quoted errors cor-
respond to the mean values of the 1σ uncertainties. We also split
the sample into various subsamples, based on the number of source
photons. The mean values of NH and Γ are presented in Table 3.
Fig. 3 presents the distributions of NH (left panel) and Γ (right
panel) values. Our analysis reveals 40 sources (∼ 8%) that have
NH > 10
22 cm−2. This number increases to 65 (∼ 13%) if we
loosen our X-ray absorption criterion, i.e., NH > 1021.5 cm−2.
However, we note that our X-ray spectra extend to energies up to
10 keV. Modelling X-ray spectra at higher energies could possibly
change the estimated NH values (Civano et al. 2015).
Optical/mid-IR colour criteria reveal that 18/40 (45%) of the
X-ray absorbed AGN are also optically red (r−W2 > 6). This
percentage is higher compared to the fraction of red sources among
c© 0000 RAS, MNRAS 000, 000–000
4 G. Mountrichas, I. Georgantopoulos, A. Ruiz, G. Kampylis
Figure 2. W1-W2 vs. W2-W3 of those sources with SDSS detection (left panel) and those with X-ray detection (right panel). Sources with W3snr < 5 have
been excluded. Optically blue sources (r-W2<6) are shown in blue. Optically red sources are shown in red (r-W2>6).
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Figure 3. The distribution of NH (left panel) and Γ (right panel) values of the 507 IR AGN with X-ray detection (black line), using spectral fitting. The green
line presents the distributions of those sources with less than 100 photon counts and the blue line the distributions of those sources with more than 100 counts.
the 507 sources (20%, see Table 2). However, among the non X-
ray absorbed sources (467), there are 70 (15%) optically red AGN
(Fig. 4). Prompted by this, we construct SEDs for the sample of
the 507 AGN and further examine their obscuration (for more de-
tails see Appendix). The SED fitting analysis reveals that 86% of
the red objects are optically obscured, based on the estimated in-
clination angle of the torus. Thus, there is a very good agreement
between the optical colours and the SEDs of the sources. All 18 IR
AGN that are X-ray absorbed and optically red are also obscured
based on their SEDs. An example of the X-ray spectrum and the
SED of one of these sources is presented in Fig. 5. Among the 70
optically red AGN that are not X-ray absorbed, 58 (83%) are ob-
scured, based on their SEDs (Fig. 6). The r − W2 values and the
X-ray spectral results of these sources are presented in Table 4. As
can be seen in this Table, there are a few sources that present some
X-ray obscuration, but do not meet our X-ray obscuration criterion,
i.e., their NH value is (1021.5 < NH < 1022) cm−2. However, a
large number of sources that have high number of counts (a few
hundred up to a couple of thousand) present no indication of X-
ray obscuration (NH < 1020.5−21 cm−2). For, the remaining 12
sources (17%) the SEDs reveal the they are galaxy dominated sys-
tems, i.e., the galaxy emission is a primary component of the SED
in the optical part of the spectrum, even though the AGN emission
is not absorbed at these wavelengths (Fig. 7). The aforementioned
numbers do not change if we lower our X-ray absorption criterion,
i.e. NH > 1021.5 cm−2. We conclude, the SED fitting analysis
confirms that there is a fraction ( 58
467
≈ 12%) of IR AGN that are
red, obscured sources without presenting X-ray absorption.
In Fig. 8 we plot the redshift, SFR, stellar mass (derived by
SED fitting) and X-ray luminosity (derived by X-ray spectral fit-
ting) distributions (blue shaded regions) of these 58 systems and
compare them with the total population of X-ray unabsorbed, IR
AGN. The plots indicate that these sources are X-ray luminous
AGN that reside in massive systems (log(M?/M) > 10.5).
4 SUMMARY
We use the∼ 300, 000 sources of the Stripe 82-XMM area to select
mid-IR AGN by applying the selection criteria presented in Stern
et al. (2012) combined with those described in Assef et al. (2013)
for fainter sources (LaMassa et al. 2019). The sample consists of
1946 AGN candidates, with 90% reliability. For 1507 sources there
are SDSS magnitudes available. Their optical/mid-IR colours r −
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. r−W2 distributions of the 507 IR AGN with X-ray detection
(blue line) and the 40/507 that are X-ray absorbed (red shaded region).
W2 > 6 (Yan et al. 2013), suggest that about 40% of the sample
is obscured. We use SED fitting to further investigate the optical
obscuration of these sources, using the inclination angle as a proxy
of the optical obscuration. The SED analysis corroborates that these
sources are obscured.
507 IR AGN are detected in X-rays and have also optical spec-
tra available. We examine the biases the aforementioned require-
ments impose on our final AGN sample. Our findings reveal that
there is a (significant) population of red sources that are excluded
when we require optical spectra and X-ray detection. Specifically,
the percentage of red sources with SDSS detection drops from
43% to 20% when X-ray detection and optical spectra are re-
quired (Table 2). Therefore, the sample used in our X-ray anal-
ysis is biased against the redder sources. The X-ray spectral fit-
ting analysis suggests that 8% of the sources have column densities
NH > 10
22 cm−2. There are 70 (15% of the sample) optically red
AGN, that are X-ray unasborbed. SEDs confirmed that 58/70 (83%)
of them are obscured sources. The remaining are galaxy dominated
systems, i.e., the galaxy emission is a primary component of the
SED in the optical part of the spectrum, even though the AGN emis-
sion is not absorbed.Therefore, our analysis shows that: (i) The IR
acted AGN sample contains a significant fraction of optically red
sources (ii) when we consider IR selected AGN that are also X-
ray detected, our results reveal that these sources are preferentially
associated with unobscured systems.
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Figure 5. An example of an IR AGN at ra = 17.55,dec = −0.13, z = 0.58, that is X-ray absorbed (log (NH/cm−2) = 22.34+0.13−0.22, Γ = 2.12+0.25−0.09),
red (r −W2 = 7.46) and optically obscured (Ψ = 0.001o).
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Figure 6. An example of an IR AGN at ra = 22.75, dec = 0.29, z = 1.22, that is X-ray unabsorbed (log (NH/cm−2) = 21.35+0.15−0.06, Γ = 1.62
+0.13
−0.21),
red (r −W2 = 9.16) and optically obscured (Ψ = 0.001o).
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Figure 7. An example of an IR AGN at ra = 26.57, dec = 0.87, z = 1.3, that is X-ray unabsorbed (log (NH/cm−2) = 21.67+0.25−0.19, Γ = 1.75
+0.17
−0.12),
red (r −W2 = 6.23) and optically unobscured (Ψ = 89.99o). The SED reveals that the source is a galaxy dominated system (see text for more details).
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Table 4. r-W2 values and spectral fitting results of the 58 sources, that although they are optically red and obscured based on their SEDs, they do not appear
X-ray absorbed.
RA DEC z r-W2 Counts log (NH/cm−2) −log ∆NH +log ∆NH Γ −∆Γ +∆Γ log LX
(2− 10 keV)
22.75191 0.28993 1.215 7.55 78 21.33 0.27 0.18 1.83 0.20 0.27 44.6
14.17168 -0.39824 0.732 7.22 42 21.69 0.24 0.18 1.88 0.22 0.26 43.7
19.09421 0.12796 1.123 6.61 68 21.05 0.97 0.50 1.91 0.21 0.21 44.0
15.91209 0.39683 1.018 6.59 57 21.83 1.69 0.28 1.86 0.24 0.23 44.2
18.58634 -0.39547 2.020 6.54 71 20.28 0.19 1.82 1.92 0.24 0.17 44.9
24.64576 0.36487 0.799 6.39 21 20.65 0.59 0.85 1.91 0.25 0.23 44.2
27.06873 0.23135 2.060 6.38 55 21.27 1.04 0.26 1.99 0.30 0.16 44.8
18.53689 0.12753 0.748 6.36 36 21.25 1.14 0.37 1.83 0.20 0.29 44.1
23.47359 -0.25258 0.448 6.32 87 21.37 0.32 0.24 1.93 0.22 0.25 43.5
19.70129 -0.387586 1.498 6.26 42 21.61 0.92 0.49 1.80 0.21 0.27 44.0
15.25358 -0.39835 1.147 6.25 47 21.72 0.82 0.19 1.87 0.21 0.24 43.8
14.15460 -0.44718 0.474 6.24 252 20.12 0.10 0.64 2.02 0.18 0.15 44.3
20.25309 -0.25531 0.864 6.23 622 20.09 0.06 0.54 1.94 0.08 0.15 43.9
25.77309 0.2756 1.048 6.20 252 20.18 0.13 1.07 1.85 0.12 0.19 44.6
27.64483 -0.03117 1.739 6.14 224 20.28 0.23 0.88 2.04 0.12 0.21 44.5
23.88331 0.19228 1.152 6.11 68 20.43 0.36 1.12 1.98 0.23 0.23 44.3
25.23941 0.1812 0.523 6.08 1970 20.00 0.02 0.05 1.99 0.07 0.07 44.5
16.59543 -0.35543 0.448 6.07 82 21.69 0.70 0.36 1.93 0.25 0.21 44.2
26.54346 -0.16881 1.016 6.06 68 20.11 0.03 1.42 1.93 0.19 0.22 44.3
20.49188 1.13305 0.58 8.65 48 21.55 1.42 0.31 1.92 0.18 0.29 43.8
23.55290 0.06254 0.88 7.98 471 20.42 0.14 0.17 2.02 0.12 0.12 44.6
26.38281 -0.04591 1.03 7.88 65 20.95 0.62 0.75 1.66 0.27 0.25 44.1
22.75191 0.28993 1.19 7.55 276 21.59 0.20 0.56 1.94 0.14 0.15 44.4
25.02285 -0.55147 0.75 7.26 776 21.67 0.05 0.03 1.88 0.07 0.13 44.8
16.94573 -0.34984 0.57 7.04 56 20.92 0.84 0.25 2.12 0.21 0.28 43.8
18.86014 -0.08849 0.88 6.89 162 20.33 0.32 0.40 2.31 0.14 0.16 44.3
27.35273 -0.4=966 0.59 6.85 59 20.75 0.67 0.46 2.04 0.19 0.24 43.6
17.77068 -0.27414 0.37 6.73 1309 21.68 0.02 0.04 2.06 0.06 0.14 45.2
22.71088 -0.18812 1.35 6.70 87 21.22 1.14 0.41 1.92 0.22 0.31 43.9
19.09421 0.12796 1.12 6.61 150 20.41 0.37 0.41 1.92 0.14 0.18 44.1
13.66238 -1.18152 1.37 6.59 51 20.69 0.42 0.31 2.07 0.24 0.23 44.0
26.98311 0.22810 1.64 6.54 138 21.57 0.40 1.38 2.24 0.19 0.15 44.3
18.58251 -0.39484 2.02 6.54 92 20.64 0.48 0.25 2.01 0.24 0.25 44.1
21.37418 -1.24827 0.82 6.48 29 21.00 0.61 1.82 1.81 0.31 0.29 43.7
15.14123 0.12564 1.06 6.45 73 21.25 0.45 0.29 1.75 0.25 0.24 43.9
24.63729 0.36478 0.80 6.39 484 21.83 0.20 0.15 2.07 0.13 0.14 44.6
18.53689 0.12753 0.75 6.36 133 21.32 0.29 0.38 1.85 0.20 0.19 44.1
26.82609 -0.13351 0.54 6.36 123 21.58 0.45 0.29 2.05 0.18 0.15 44.4
16.39569 0.10205 1.30 6.32 132 20.86 0.42 1.21 1.75 0.21 0.16 44.3
27.78665 0.58813 0.88 6.31 55 20.81 0.65 0.34 2.10 0.26 0.21 43.9
19.70257 -0.38753 1.50 6.26 76 20.50 0.40 0.82 1.62 0.17 0.28 43.9
26.52557 0.32857 0.90 6.25 1083 21.69 0.04 0.02 2.15 0.05 0.12 44.6
14.15460 -0.44718 0.47 6.24 111 20.24 0.24 0.82 1.94 0.24 0.21 44.2
16.35091 0.15034 0.42 6.24 69 20.69 0.62 0.45 1.85 0.28 0.29 44.0
20.25309 -0.25531 0.86 6.23 100 21.24 0.47 0.28 1.92 0.19 0.25 44.2
18.81533 0.4096 1.94 6.19 73 21.42 0.96 0.61 1.97 0.21 0.18 43.9
16.23248 0.28018 0.72 6.13 531 21.69 0.05 0.8 2.35 0.09 0.14 44.6
22.89568 0.18808 0.90 6.12 92 21.52 0.43 0.21 2.01 0.26 0.25 44.1
18.30137 0.10406 0.97 6.11 127 21.50 0.31 0.39 1.75 0.17 0.19 44.1
16.47210 -0.01478 1.05 6.09 185 21.00 0.52 0.74 1.89 0.19 0.14 44.2
26.88057 -0.15136 2.24 6.09 127 21.82 0.32 0.24 1.92 0.16 0.18 44.0
28.26243 1.01048 1.31 6.08 57 20.91 0.52 1.91 1.95 0.27 0.21 43.8
16.59543 -0.35543 0.45 6.07 112 20.39 0.32 0.25 2.08 0.21 0.20 44.0
19.61204 -0.49189 1.16 6.07 71 21.52 1.21 0.58 1.72 0.22 0.29 43.9
27.80391 0.50809 0.70 6.04 204 20.20 0.25 1.21 1.92 0.15 0.15 44.4
26.88310 -0.33868 0.55 6.04 50 21.05 0.49 0.73 2.14 0.25 0.27 43.8
27.27786 -0.37372 1.07 6.01 225 21.30 0.18 0.27 1.83 0.16 0.14 44.5
28.77457 0.59739 1.07 6.00 168 21.69 0.34 0.51 1.99 0.14 0.18 44.3
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Figure 8. Redshift, SFR, stellar mass calculations (derived by SED fitting) and X-ray luminosities (derived by X-ray spectral fitting), for the total population
of X-ray unabsorbed, IR AGN (black line) and for the X-ray unabsorbed, optically red and obscured sources (blue shaded regions; see text for more details).
We notice that the latter population consists of luminous AGN that (the bulk of it) lives in massive systems with log(M?/M) > 10.5.
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APPENDIX A: SED FITTING
We construct SEDs for the 507 IR AGN in our sample, with X-
ray detection. For that purpose, we use multiwavelength broadband
photometric data from optical (SDSS-DR13; Albareti et al. 2015),
near-IR (VISTA-VIKING; Emerson et al. 2006; Dalton et al. 2006)
and mid-IR (WISE; Wright et al. 2010). The SEDs are fitted us-
ing the CIGALE code version 0.12 (Code Investigating GALaxy
Emission; Noll et al. 2009).
In the fitting process we use the Fritz et al. (2006) library of
templates to model the AGN emission. The star-formation histo-
ries are convolved assuming the double-exponentially-decreasing
(2τ -dec) model (Ciesla et al. 2015). The Bruzual & Charlot (2003)
template is utilized to model the stellar population systhesis, as-
suming the Salpeter Initial Mass Function (IMF) and the Calzetti
et al. (2000) dust extinction law. Dale et al. (2014) templates are
adopted for the absorbed dust that is reemitted in the IR. Table A1
presents the models and the values for the free parameters used
by CIGALE for the SED fitting of our X-ray AGN. We consider
a source as type 2 when the inclination angle of the torus, Ψ, is
Ψ = 0.001o or Ψ = 50.10o.
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Table A1. The models and the values for their free parameters used by CIGALE for the SED fitting of our X-ray AGN. τ is the e-folding time of the main
stellar population model in Myr, age is the age of the main stellar population in the galaxy in Myr (the precision is 1 Myr), burst age is the age of the late burst
in Myr (the precision is 1 Myr). β and γ are the parameters used to define the law for the spatial behaviour of density of the torus density. The functional form
of the latter is ρ(r, θ) ∝ rβe−γ|cosθ|, where r and θ are the radial distance and the polar distance, respectively. Θ is the opening angle and Ψ the inclination
angle of the torus. Type-2 AGN have Ψ = 0.001o and Type-1 AGN have Ψ = 89.99o. The AGN fraction is measured as the AGN emission relative to IR
luminosity (1− 1000µm).
Parameter Model/values
Stellar population synthesis model
Initial Mass Function Salpeter
Metallicity 0.02 (Solar)
Single Stellar Population Library Bruzual & Charlot (2003)
double-exponentially-decreasing (2τ -dec) model
τ 100, 1000, 5000, 10000
age 500, 2000, 5000, 10000, 12000
burst age 100, 200, 400
Dust extinction
Dust attenuation law Calzetti et al. (2000)
Reddening E(B-V) 0.3
E(B-V) reduction factor between old and young stellar population 0.44
Fritz et al. (2006) model for AGN emission
Ratio between outer and inner dust torus radii 60
9.7 µm equatorial optical depth 0.1, 0.3, 1.0, 2.0, 6.0, 10.0
β -1.00, -0.5, 0.00
γ 0.0, 2.0, 6.0
Θ 100
Ψ 0.001, 50.10, 89.99
AGN fraction 0.1, 0.2, 0.3, 0.5, 0.6, 0.8
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